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(54) ON-DEMAND TYPE INK JET HEAD 

(57)Abstract: 

PURPOSE: To provide highly integrated array density, a 
high efficiency with high reliability, easy assembling and a 
low cost by providing actuator units each having 
piezoelectric elements arranged in one row at a 
predetermined pitch, a plurality of rows of liquid chamber 
units corresponding to the actuator units, and nozzle 
units communicating with the chamber units. 
CONSTITUTION: Liquid chamber units for supplying, 
pressurizing and discharging ink are connected to a PZT 
8 surface, and a partition wall member 7 having a 
vibrating plate area 3 for pressurizing ink liquid chambers 
4 in response to its displacement is provided. Further, 
after the chambers 4 are connected to a liquid chamber 
member 6 having an ink common liquid chamber 5, a 
nozzle plate 1 having nozzles for deciding ink discharge 
amount, speed and direction is connected. In this case, 
two rows of vibrating plates, the chambers 4 and nozzles 
2 are provided in the chamber unit PZT-arranged in one 
row, and a connecting surface size (b) of the chamber 

unit to a distance D between the two rows is increased. That is, since protrusions of the 
partition wall in a zigzag state are connected in zigzag state to the PZT surface at a pitch P, a 
pitch of the arranging direction becomes 2P in the chambers 4, and the chambers 4 are formed 
in an area of D x 2P. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An on-demand mold ink jet arm head equipped with two or more ink rooms which are 
characterized by providing the following and which are open for free passage for two or more 
nozzle and each nozzle, and two or more piezoelectric devices arranged in order to pressurize 
said each ink room An actuator unit arranged by one train in a predetermined pitch in a 
piezoelectric device which carries out two or more set laminating of piezoelectric material and 
the electrode material by turns, and changes It is two or more successive installation eclipse 
**** room unit to this actuator unit. A nozzle unit opened for free passage by this liquid room 
unit 

[Claim 2] An on-demand mold ink jet arm head according to claim 1 characterized by one train 
arranging a piezoelectric device of which said actuator unit carries out two or more set 
laminating of said piezoelectric material and electrode material by turns, and consists with a 
configuration using thickness of a laminating, and displacement of the direction of a right angle. 
[Claim 3] An on-demand mold ink jet arm head according to claim 1 characterized by being 
arranged by one train with a configuration using displacement which is the thickness direction of 
a laminating about a piezoelectric device of which said actuator unit carries out two or more set 
laminating of said piezoelectric material and electrode material by turns, and consists. 
[Claim 4] An on-demand mold ink jet arm head according to claim 1 characterized by 
constituting said liquid room unit and a nozzle unit in alternate arrangement to an actuator unit 
which arranged a piezoelectric device which carries out two or more set laminating of said 
piezoelectric material and electrode material by turns, and changes in one train in a 
predetermined pitch. 

[Claim 5] an on-demand mold ink-jet arm head equipped with two or more ink rooms which are 
open for free passage for two or more nozzle and each nozzle, and two or more laminating mold 
piezoelectric devices arranged in order to pressurize each of said ink room — setting — 
telescopic motion of each piezoelectric device — an ink room septum — deformation **** — 
the on-demand mold ink-jet arm head mostly characterized on a medial axis to a deformation 
field for pressurizing by things by the thing of this deformation field for which each nozzle has 
been arranged. 

[Claim 6] telescopic motion of each of said piezoelectric device — an ink room septum — 
deformation **** — an on-demand mold ink jet arm head according to claim 5 characterized for 
a configuration of a deformation field for pressurizing by things by almost circular or having 
considered as an ellipse and considering as a with a major axis of four or less ratio to a minor 
axis 1 about an ellipse. 



[Translation done.] 



http://www4.ipdljpo.gojp/cgi-bin^^ 2004/02/24 



1/5 ^— v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the on-demand mold ink jet arm head which 
equipped details with the high density array of the actuator unit and liquid room unit using a 
piezoelectric device, and a nozzle unit more about the multi-nozzle head configuration of an on- 
demand mold ink jet arm head. For example, it is applied to **** equipments, such as a copying 
machine by the ink jet print method, a printer, and facsimile (FAX). 
[0002] 

[Description of the Prior Art] since the ink jet recording method which is the non impact 
recording method has that the noise at the time of record does not occur theoretically, and the 
very simple process, small, high-reliability, and high endurance achievement are easy for it — 
etc. — since there are many features, it considers as the very leading record method. Therefore, 
although various kinds of methods are proposed from the former, there is a thing of for example, 
** JP,61-61984,B especially as a method which uses an exoergic resistor as an ink 
pressurization means for drop formation. The thing of this official report has the feature in which 
the head configuration of small and high accumulation is possible by the ability of an exoergic 
resistor to be realized according to a semiconductor manufacture process. 
[0003] Moreover, there is for example, ** JP,60-8953,B as a method using a piezoelectric 
device. The piezoelectric transducer made to generate piezo-electric movement is formed in the 
shape of a rod, the thing of this official report is mutually arranged in parallel like the gear tooth 
of a comb, and this cylindrical piezoelectric transducer is supported at that at least 1 edge, and 
at least two rods which carried out phase juxtaposition are combined through the regions of back 
of a comb, and it is made for the oscillating field portion of a rod to be faced ahead of entrance 
opening of a nozzle in that case. 

[0004] Moreover, there are for example, ** JP,4-52213,B, JP,1-1 1 5638,B, and JP,4-1052,A as 
other examples using a piezoelectric device. In these official reports, since the point of using the 
piezoelectric device which carries out two or more set laminating of piezoelectric material and 
the electrode material by turns, and changes is common, it is the array in which any example 
established the ink room of the nozzle train of one train, and one train to the piezoelectric- 
device train of one train, and is a configuration with the equal array density of a piezoelectric 
device, a nozzle, and an ink room. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional ink jet 
recording device, since the property change by the accumulation in the case of a continuation 
mark copy and deterioration of a member occur in order that the regurgitation principle of ink 
may use heat energy impression and the bubble then generated, the thing of the official report of 
the aforementioned ** has a limit in a repeat speed of response, and turns to neither a high- 
speed mark copy nor a continuation mark copy, moreover, since it is difficult to control an ink 
pressurization gestalt, it is impossible to make ink drop formation into the configuration of an 
ideal — etc. — it has a big defect 

[0006] Moreover, the PZT size required for the drop regurgitation of the thing of the official 
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report of the aforementioned ** is still large, high accumulation is difficult, and head size 

becomes large. Furthermore, it has the defect that the applied voltage for giving required field 

strength is high, needing the array of a high pressure-part article also in many channelization 

etc. has a large area which a driver occupies, and there is a problem also in cost 

[0007] Moreover, since the pitch size of the ink room array direction becomes less than [ it ] to 

the pitch size of PZT array density, a liquid room configuration is restrained and the thing of the 

official report of the aforementioned ** cannot constitute the ideal configuration as an ink fluid, 

it has the defect that ink regurgitation effectiveness does not increase. Moreover, when it 

becomes a high density array, the high degree of accuracy of complicated liquid room 

components is required, and a method of construction and a material are limited. Furthermore, 

there is a problem that the high degree of accuracy of assembly is also required. 

[0008] that by which this invention was made in view of such the actual condition — it is — high 

accumulation array density — efficient — reliable assembly — it aims at offering an on-demand 

mold ink jet arm head [ that it is easy and low cost ]. 

[0009] 

[Means for Solving the Problem] In an on-demand mold ink jet arm head equipped with two or 
more piezoelectric devices arranged in order that this invention may pressurize two or more ink 
rooms which are open for free passage for a nozzle and each nozzle of (1) plurality in order to 
attain the above-mentioned purpose, and said each ink room An actuator unit arranged by one 
train in a predetermined pitch in a piezoelectric device which carries out two or more set 
laminating of piezoelectric material and the electrode material by turns, and changes, having 
provided two or more successive installation eclipse **** room unit and a nozzle unit opened for 
free passage by this liquid room unit to this actuator unit — further (2) One train arranges a 
piezoelectric device of which said actuator unit carries out two or more set laminating of said 
piezoelectric material and electrode material by turns, and consists with a configuration using 
thickness of a laminating, and displacement of the direction of a right angle, (3) — being arranged 
by one train with a configuration using displacement which is the thickness direction of a 
laminating about a piezoelectric device of which said actuator unit carries out two or more set 
laminating of said piezoelectric material and electrode material by turns, and consists — 
[ furthermore, ] (4) — having constituted said liquid room unit and a nozzle unit in alternate 
arrangement to an actuator unit which arranged a piezoelectric device which carries out two or 
more set laminating of said piezoelectric material and electrode material by turns, and changes in 
one train in a predetermined pitch — [ furthermore, ] Or it sets on an on-demand mold ink jet 
arm head equipped with two or more ink rooms which are open for free passage for a nozzle and 
each nozzle of (5) plurality, and two or more laminating mold piezoelectric devices arranged in 
order to pressurize said each ink room, telescopic motion of each piezoelectric device — an ink 
room septum — deformation **** — a deformation field for pressurizing by things — receiving 
— a thing of this deformation field for which each nozzle has been mostly arranged on a medial 
axis — further (6) — the above (5) — setting — telescopic motion of each of said piezoelectric 
device — an ink room septum — deformation **** — a configuration of a deformation field for 
pressurizing by things is characterized by almost circular or having considered as an ellipse and 
considering as a with a major axis of four or less ratio to a minor axis 1 about an ellipse. 
[0010] 

[Function] It has two or more piezoelectric devices arranged in order that the on-demand mold 
ink jet arm head by this invention may pressurize two or more nozzles, two or more ink rooms 
open for free passage, and said each ink room, and an actuator unit arranges the piezoelectric 
device which carries out two or more set laminating of piezoelectric material and the electrode 
material by turns, and changes in one train in a predetermined pitch. Since it has composition 
which has arranged the liquid room unit and nozzle unit of two or more trains to this actuator 
unit, it becomes possible to enlarge the pitch size of the array direction of a liquid room, and 
there is no constraint of a liquid room configuration, and an arm head with high ink regurgitation 
effectiveness is obtained. 

[001 1] Moreover, by considering as the actuator unit arranged in one train with the configuration 
using d33 displacement which is the thickness of a laminating, d31 displacement of the direction 
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of a right angle, or the thickness direction about the piezoelectric device which carries out two 
or more set laminating of piezoelectric material and the electrode material by turns, and changes, 
big vibration displacement is obtained by the low battery, it is small and the ink jet arm head of 
low cost is obtained. 

[0012] moreover — as said piezoelectric device — a laminating mold piezoelectric device — 
having — telescopic motion of each piezoelectric device — an ink room septum — deformation 
**** — since it considers as the configuration of this deformation field which has arranged each 
nozzle on a medial axis mostly to the deformation field for pressurizing by things, propagation- 
of-vibration effectiveness from a piezoelectric device can be considered as the miniaturization 
which reduced raising, the formation of a low-battery drive, or the number of laminatings of a 
piezoelectric device. 

[0013] furthermore, telescopic motion of each piezoelectric device — an ink room septum — 
deformation **** — almost circular or the stress-strain diagram of a septum deformation field 
in an ink room since it considers as the configuration which made the ellipse and was made into 
the with a major axis of four or less ratio to the minor axis 1 about the ellipse is made small for 
the configuration of the deformation field for pressurizing by things, and the high durability of an 
arm head and high-reliability-ization can be attained. 
[0014] 

[Example] a block diagram for drawing 1 to explain one example of the on-demand mold ink jet 
arm head by this invention — it is — the inside of drawing, and 1 — a nozzle plate and 2 — a 
nozzle and 3 — a diaphragm field and 4 — for a liquid room member and 7, as for a laminating 
piezoelectric device (PZT) and 9, a septum member and 8 are [ an ink liquid room and 5 / an ink 
common liquid room and 6 / a frame and 10 ] substrates. 

[0015] On the substrate 10 which is the base, the laminating PZT8 by which separation 
processing was carried out is constituted by the size corresponding to the pitch of each channel. 
The frame 9 for carrying out the fixed joint of the liquid room unit around it is joined Here, the 
quality of the materials of a substrate 10 and a frame 9 should just be metal members, such as a 
metal member which adds ceramic members, such as an alumina, glass, and non-equipments, and 
can press down the contraction at the time of molding with high Young's modulus, or SUS. And 
each upper surface of PZT and the frame upper surface are constituted in the same height side. 
[0016] Next, as a configuration of the liquid room unit which performs supply of ink, 
pressurization, and discharging, it joins to a PZT side and the septum member 7 which has the 
diaphragm field 3 which carries out displacement pressurization of the ink liquid room 4 
according to the displacement of PZT is formed. Furthermore, the liquid room member 6 which 
has the ink liquid room 4 and the ink common liquid room 5 is joined to the upper surface. It is 
the configuration which joined the nozzle plate 1 which has the nozzle which finally determines 
ink discharge quantity, speed, and a direction. 

[001 7] Here, the septum member 7 makes plates, such as a metal with strong corrosion 
resistance, for example, SUS, and nickel, from etching processing. If it is nickel, it can 
manufacture to high degree of accuracy with electrocasting technology. Since the thickness of 
several micrometers is required in order for especially the field except the convex joined to PZT 
of a diaphragm field to reduce the stress load at the time of pressurization deformation in the 
case of a metal plate, ultraHlne processing technology is required. Therefore, it is optimal that a 
highly precise thin layer plate constitutes comparatively easily with the nickel electrocasting 
plate which can be manufactured here. 

[0018] Moreover, a liquid room member is good the member which etched non-equipments, such 
as a metal member which etched metal plates, such as the injection molding member and SUS 
which used materials, such as PPS (polyphenylene sulfide) and PES (polyether sulphone) 
material, and nickel, Si, and glass, and to constitute using members, such as a dry film resist, 
further. Detailed hole processing technology is required for a nozzle plate, and the plate by 
previous nickel electrocasting technology, the plate which exposed and etched photosensitive 
glass and manufactured it using the photo mask, or highly precise processing is possible for it. 
What is necessary is just to use for a resin plate the plate which carried out ablation processing 
using MAKISHIMA laser. 
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[0019] In drawing 1 , two or more trains and here have shown 2 successive installation beam 
configurations for the diaphragm, the ink liquid room 4, and the nozzle 2 to one train to the liquid 
room unit which carried out the PZT array, b of a plane-of^composition size with a liquid room 
unit is greatfy constituted to the distance D between these 2 trains. That is, in a pitch P, the 
heights of the septum section which exists alternately will be alternate to a PZT side, and will be 
joined. What is necessary will be to set the pitch of the array direction to 2P about the ink liquid 
room 4, and just to constitute an ink liquid room in the field of Dx2P by this configuration. 
[0020] For example, as shown in drawing 2 , in the array of eight PZT(s)/mm, P size is 0.125mm, 
but the pitch of the array direction of a liquid room is set to 0.25mm. In addition, 1 1 in drawing is 
a PZT cementation field, therefore, b size of PZT — 0.5mm and a size — 0.1mm — carrying out 
— the distance D between 2 trains — 0.3mm, then a diaphragm — displacement — the 
phi0.2mm circular configuration of a field becomes possible, and corresponding to this, an ink 
liquid room can also constitute a cone configuration and can constitute the configuration of an 
ideal for a fluid. It is also possible to make this circular section into a square, and an ellipse is 
also possible. 

[0021] In the case of the liquid room member made from Si anisotropic etching, the square 
diaphragm configuration of adjustment is [ that what is necessary is just to select these 
configurations according to the method of construction of a liquid room member ] good. 
However, even if it uses the liquid room member of Si anisotropic etching to the septum member 
of a circular diaphragm field, the effect of an aim can be attained enough. Moreover, a circular 
configuration can also manufacture easily the liquid room member made from nickel 
electrocasting. 

[0022] The portion to which drawing 3 is a substrate in drawing 1 and the block diagram of 
Laminating PZT, and a substrate individual electrode and 24 are substrate common electrodes 
one PZT end-face electrode and 22 among drawing as for 21, in addition the PZT end-face 
electrode of another side and 23 carry out the same operation as drawing 1 has attached the 
same sign. 

[0023] A level difference is prepared in a part of ceramic substrates, such as an alumina and 
Chita Bali, and Au electrode by vacuum evaporationo, a spatter, etc. is beforehand prepared in 
both the sides of the direction of a long side. Or it is possible even if it is an electrode by thick 
film screen printing. In the shape of [ this ] a substrate, a laminating PZT8 is joined, as shown in 
drawing. For example, in the case of [ 64 / Px] the multi-nozzle arm head of 64 nozzles, the size 
of a PZT longitudinal direction sets 0.125x64=8mm and b size to 3mm for the height from 0.5mm 
and a substrate side the size according to ink regurgitation volume, and here. That is, 8x0.5x3mm 
PZT will be joined. To coincidence, electroconductive glue is adhered to the corner section of 
longitudinal direction cementation of PZT8 and a substrate 10, and an electric flow with the PZT 
end-face electrodes 21 and 22 and the substrate side electrodes 23 and 24 is taken. 
[0024] There is a inner layer electrode in the vertical direction in the shape of a ctenidium so 
that a cross section may also show, the electric field according to applied voltage occur in each 
inner layer inter-electrode, and displacement generates these PZT endH^ce electrodes 21 and 
22 in PZT. It is an end-face electrode to flow through the inner layer electrode in respect of 
both ends, and to make the substrate flow. Then, minute amount slitting and PZT according to 
1-64 channels are separated to a substrate side by machining by the diamond saw, a wire saw, 
etc. It is the configuration of having used the thickness of a laminating, and d31 displacement of 
the direction of a right angle for the piezoelectric device which carries out two or more set 
laminating of a voltage material and the electrode material by turns, and changes with this 
configuration, and it is the feature which is easy to secure the amount of displacement 
[0025] Drawing 4 is the configuration which reused d33 displacement which is the thickness 
direction of a laminating about the piezoelectric device which carries out two or more set 
laminating of a voltage material and the electrode material by turns, and changes, and is other 
examples of the configuration of the actuator unit arranged in one train. The reference number in 
drawing is the same as drawing 3 . As for this example, what PZT driving force is easy to be 
obtained from is the feature. 

[0026] Drawing 5 is the block diagram of a nozzle configuration seen from the head upper 
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surface, and 12 are a diaphragm field among drawing. In two or more trains and here, they are 3 
successive installation beam configurations about a diaphragm, an ink liquid room, and a nozzle 
to the liquid room unit which carried out the PZT array at one train. Array density becomes able 
[ a riser and the pitch P per channel ] to set the array direction pitch of an ink liquid room to 3P 
in this train, even when it becomes small, and to maintain circular or an ellipse for a liquid room 
configuration. This ellipse constitutes the diaphram which follows and deforms into the 
displacement of Laminating PZT, and what does not have fatigue in a minimum of 109 times or 
more of oscillating endurance is required the case of the endurance as an ink jet recording head, 
for example, the usual printer. 

[0027] Then, like this example, by circular or making it the configuration made into the with a 
major axis of four or less ratio to the minor axis 1, an ellipse and it can also avoid the stress 
concentration of a diaphragm deformation field also to the big displacement of 1-3 micrometers 
of Laminating PZT, and can improve said drive endurance greatly. 

[0028] In the above example, since a diaphragm field is a configuration circular or near almost 
circularly, it changes altogether that the configuration of an oscillating deformation field which 
has arranged the nozzle on a medial axis mostly is possible, and is a very advantageous 
configuration to the regurgitation effectiveness of ink, ink restoration nature, and eccritic [ of air 
bubbles ]. 
[0029] 

[Effect of the Invention] According to this invention, there are the following effects so that 
clearly from the above explanation. 

(1) The effect corresponding to claim 1 : it can constitute in 1/2 or less liquid room array density 
of parenchyma, and manufacture of complicated and detailed liquid room components can 
constitute easily. Moreover, to the ink which is a fluid, an advantageous liquid room configuration 
can constitute easily and the improvement in large of ink regurgitation effectiveness of it is 
attained. 

(2) The effect corresponding to claim 2 : as a piezoelectric device, the drive of applied voltage by 
the low battery is attained by use of Laminating PZT, and the low cost of a driver becomes 
possible, moreover — here — d31 displacement — using — **** — big PZT — since 
displacement is obtained, a miniaturization and low cost of PZT are possible. 

(3) The effect corresponding to claim 3 : as a piezoelectric device, the drive of applied voltage by 
the low battery is attained by use of Laminating PZT, and low cost-ization of a driver is attained, 
moreover — here — d33 displacement — using — **** — PZT — displacement — since the 
big driving force at the time is obtained, it becomes possible, and as a result, mechanism 
resonance serves as high frequency and the ink jet arm head of a high-speed response also of 
the drive of a rigid high diaphragm becomes possible. 

(4) The effect corresponding to claim 4 : it can constitute in 1/2 or less liquid room array density 
of parenchyma, and manufacture of complicated and detailed liquid room components can 
constitute easily. Moreover, to the ink which is a fluid, an advantageous liquid room configuration 
can constitute easily and the improvement in large of ink regurgitation effectiveness of it is 
attained. 

(5) The effect corresponding to claim 5 : since a diaphragm field is a configuration circular or 
near almost circularly, the configuration of an oscillating deformation field which has arranged the 
nozzle on a medial axis mostly is attained altogether, and the pressure propagation effectiveness 
at the time of vibration serves as a very advantageous configuration to a riser, the regurgitation 
effectiveness of ink, and eccritic [ ink restoration nature or eccritic / of air bubbles ]. 

(6) The effect corresponding to claim 6 : the stress concentration of the deformation field of a 
diaphragm can be avoided also to the big displacement of Laminating PZT, and drive endurance 
can be raised greatly. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram for explaining one example of the on-demand mold ink jet arm 
head by this invention. 

[Drawing 2] It is drawing showing the diaphragm and ink liquid room in drawing 1 , and a nozzle 
configuration. 

[Drawing 3] It is the substrate and the block diagram of Laminating PZT in drawing 1 . 
[Drawing 4] They are the substrate and other block diagrams of Laminating PZT in drawing 1 . 
[Drawing 5] They are other block diagrams of the diaphragm and ink liquid room in this invention, 
and a nozzle configuration. 
[Description of Notations] 

1 [ — An ink liquid room 5 / — An ink common liquid room, 6 / — A liquid room member, 7 / — 
A septum member, 8 / — A laminating piezoelectric device (PZT), 9 / — A frame, 10 / — 
Substrate. ] — A nozzle plate, 2 — A nozzle, 3 — A diaphragm field, 4 

[Translation done.] 
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